INTRODUCTION
combinations including one taxon from the green-fruit lineage, one from red or orange-3 0 4
fruit lineage, one from purple-fruit lineages, and one from tomato as the outgroup. sites in the multiple sequence alignment (Durand et al., 2011; Green et al., 2010) . To 3 0 7
further investigate the taxa involved in and the direction of introgression specifically 3 0 8
involving purple-fruited lineages, we also used a symmetric five-taxon phylogeny 3 0 9
method 'D-foil' test (Pease & Hahn, 2015) on the transcriptome-wide concatenated
dataset, however the results of these analyses were inconclusive (see Supplementary text). Identifying genetic variation associated with trait evolution
We used two general strategies to identify loci that might contribute to important have experienced lineage-specific de novo adaptive molecular evolution, we evaluated selected from segregating ancestral variation, we identified genetic variants that had 3 1 9
polyphyletic topologies that grouped lineages according to shared trait variation rather 3 2 0 than phylogenetic relationships ('PhyloGWAS'; Pease et al., 2016) . 1) Lineage-specific de novo evolution associated with trait variation: We identified loci our tests of molecular evolution to the subset of genes for which 1) the RAxML gene tree 3 3 9
contained the target ancestral branch (that is, the target branch was supported by the 3 4 0 genealogy of the tested/target locus); and 2) there was at least one non-synonymous
substitution that could be unambiguously assigned to this branch.
4 2
Prior to testing individual loci, we further filtered our data to ensure that poorly aligned and/or error-rich regions were excluded from our alignments (as these tests are particularly sensitive to alignment errors that generate spurious non-synonymous 1 7 alignments when they showed higher than expected non-synonymous substitutions (i.e. For the PAML analyses of a priori candidates, we used a slightly less stringent sequences had a minimum representation of species from each of the major clades (see showing a significant signature of positive selection (p <0.05) and for genes identified by alignments to examine whether they contain putative multi-nucleotide mutations test (Venkat et al., 2017) . Here we assigned an MNM in cases where we observed that a 3 6 7 single codon had 2 or 3 substitutions on the selected branch.
To determine the putative functional categories of genes with elevated per site 1 8
non-synonymous substitution rates, and to assess whether these were enriched for and mean transcript length ranged from 736-925 bp (Table S2 ). Based on our criteria for 4 0 2 ortholog identification (see Methods, Figure S1 ), we ultimately identified 6431 one-to-
one orthologous genes for which we had sequences from all 14 investigated Jaltomata 4 0 4 species and a unique tomato annotated coding sequence. All of these 6431 genes were 4 0 5 used in the concatenation, majority rule, or quartet-based phylogeny reconstructions.
0 6
From this dataset, we used 1517 genes in the BUCKy reconstruction (see Methods).
0 7
Since we did not sample RNA from the reproductive tissues of J. grandibaccata, we tomato. Among them, 4248 genes also have C. annuum orthologs, thus could also be used to test for positive selection on the ancestral branch leading to Jaltomata. Phylogenomic reconstruction of Jaltomata lineages supports several major clades
All four phylogenetic inference methods (concatenation, majority rule, quartet-
based, and Bayesian concordance) generated a nearly identical species tree topology 4 1 8
( Figure 2A, S3) . In all trees, the first split in the species tree produces a well-supported
clade that includes three north-and central-American species (J. procumbens, J. (Table S3) , lineages within the non-purple-fruited clade have pairwise distance of 0.26%
to 0.53%, and differ from the purple-fruited lineages by 0.95% to 1.29%. Within the non-
purple-fruited group, our reconstruction indicates that the red-fruited species J. auriculata
is sister to the remaining species. The remaining species are split into a moderately proportion of heterozygous sites range from 0.02%~0.16% (Table S4) , which is Phylogenomic discordance accompanies rapid diversification
As expected given the large number of genes (n=6431 and 6,223,350 sites in
total) used for phylogenetic inference, our resulting species trees had very strong discordance. We detected a strong correlation between the internal branch length and 4 6 4 levels of discordance (P = 0.0001, Figure S4 ), consistent with both ILS and introgression.
6 5
Short branch lengths and extensive discordance were also detected for trees built
individually for each of the 12 chromosomes ( Figure S5 ; supplementary text).
6 7
Only three branches within Jaltomata are supported with relatively little 4 6 8 discordance, i.e., with Bayesian CFs greater than 50 ( Figure S3D ): the branch leading to 4 6 9 the purple-fruited clade, the branch uniting all non-purple-fruit Jaltomata lineages, and Jaltomata branch, these were the four branches on which most of our subsequent
analyses were performed. Introgression after speciation among major clades of Jaltomata lineages
Given the apparent high level of phylogenetic discordance among our examined
species, we tested for evidence of introgression on the background of presumed ILS. To
do so, we calculated genome-wide D-statistics using the ABBA-BABA test. We only fruited clade) than the other. We found several such cases ( Figure 3B ). For example, the red-fruited and purple-fruited lineages since their split ( Figure 3B and Table S5 ). We 4 8 6 also inferred putative introgression, in at least two separate events, involving six species
in the orange-fruited clade with the purple-fruited clade ( Figure 3B and Table S5 ). First,
we inferred a shared introgression event between the purple-fruited group and three of the 4 8 9
orange-fruited species (J. grandibaccata, J. dendroidea, and J. incahuasina); this excess
includes shared specific sites that support the same alternative tree topology for each of 4 9 1 these three ingroup species, suggesting that it likely involved the common ancestor of all 4 9 2 three contemporary orange-fruited species (Table S6) . Second, we detected evidence for statistics (Table S5 ). Because we did not observe an excess of shared specific sites
supporting the same alternative tree topology among these three orange-fruited species 4 9 7 (Table S6) , these patterns are suggestive of three putative independent introgression 4 9 8
events. However, given very low resolution of patterns of relatedness among orange-
fruited species, the specific timing of these events is hard to resolve. Based on the inferred species tree (Figure 2A ), we reconstructed the ancestral 5 0 4
states of fruit and floral traits (Figure 4 ; S6). The four subclades of Jaltomata species ancestors ( Figure 4A ). Our reconstruction suggests that the derived nectar traits being the ancestral state, making specific inferences about corolla shape evolution within
this clade uncertain. Consistent with these patterns, we found that concordance factors
were very low at almost all internodes within the radiating subgroup that displays the
derived floral traits (i.e., the non-purple-fruited lineages) (Figure 2A ; S3D), whereas they 5 1 7
were considerably higher on branches associated with fruit color evolution (including the
branch uniting the two green-fruited species analyzed).
1 9
These analyses suggest alternative evolutionary and genetic histories for our traits likely due to conventional lineage-specific de novo evolution along the relevant branches.
2 3
In contrast, the distribution of floral trait variation produces an ambiguous reconstruction the non-purple-fruited Jaltomata clade ( Figure 4B ). While strictly de novo evolution transitions, one alternative is that these trait transitions drew upon shared variation
segregating in the ancestor of these lineages. Accordingly, in the next sections we evolution. The lineage-specific de novo evolution analysis alone is used to identify 5 3 3
potential candidates for fruit color evolution, since the approach we use to identify
standing ancestral variation is only informative in cases where trait variation is not
confounded with phylogenetic relationship. Loci with patterns of positive selection associated with lineage-specific trait evolution
We performed tests of molecular evolution for all orthologous clusters that
contained a sequence from every Jaltomata accession and an ortholog from the tomato
outgroup. Depending upon the specific branch being tested, we detected evidence for of 1531 testable genes; Table S10), and 0.74% in the non-purple-fruited Jaltomata transition-most notably fruit color versus floral shape variation-were differently 6 8 6 susceptible to hemiplasy. For floral shape evolution in Jaltomata, a lack of resolution and 6 8 7
high gene tree discordance at key nodes within the phylogeny, including within the clade 6 8 8
displaying the greatest phenotypic diversity (Figure 2A and Figure 4B ), mean that 6 8 9
hemiplasy is a plausible explanation of the discordant distribution of similar floral
traits-rather than multiple independent evolutionary events (i.e. homoplasy). In contrast, Implications for the inference of phenotypic trait evolution and causal genetic variation 8 0 7
in rapid radiating lineages
As highlighted here and in numerous recent phylogenomic studies (Eaton & Ree,
2013; Novikova et al., 2016; Owens et al., 2016; Pease et al., 2016) , both ILS and
introgression contribute to the history of diversification within radiating clades, so that
evolution in these groups is more complex than can be represented by a simple
bifurcating species tree. This complexity has important implications for empirical
inferences about historical relationships and trait evolution, because assuming resolved
relationships without taking into account incongruence can fundamentally mislead
inferences in both these cases (Hahn & Nakhleh, 2016) . It also must be accounted for
when considering the genetic changes that might have fueled diversification; when a trait
has several possible alternative evolutionary histories, it is necessary to investigate the
range of alternative sources of genetic variation-including de novo lineage-specific 8 1 9
evolution and selection from ancestral variation-that could fuel this trait evolution.
Here, we provided a genome-wide analysis of the recently diversified plant genus
Jaltomata in which we consider the relative risk of hemiplasy while identifying
candidates for the specific loci underlying trait evolution. Our analysis highlights a 8 2 3
growing appreciation that rapid radiations can and likely do draw on multiple sources of
genetic variation (Hedrick, 2013; Pease et al., 2016; Richards & Martin, 2017) . Indeed,
while independently originating variants could explain the recurrent evolution of phenotypic similarity-a frequent observation in adaptive radiations-it is clear that 8 2 7
shared ancestral genetic variation, or alleles introgressed from other lineages, have also
made substantial contributions (Elmer & Meyer, 2011; Stern, 2013) . Going forward, it will be necessary to distinguish between these alternative scenarios to understand how
different evolutionary paths contribute to phenotypic convergence and differentiation 8 3 1 (Martin & Orgogozo, 2013; Stern, 2013) and to identify the specific variants responsible. The authors thank James Pease, Rafael Guerrero and Fabio Mendes for advice on
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